Influence of ionic strength on the kinetics of the promoter complex formation between E. coli RNA polymerase and T7 phage DNA was investigated using a membrane filter assay. The enzyme-promoter association rate constant was determined. It varies from 109 to 3-10' M"^sec"^ when the ionic strength is changed from zero to 0.15 M NaCl. Basing on the theoretical analysis of experimental data obtained the model for the promoter site selection assuming the enzyme sliding along the DNA is discussed.
INTRODUCTION
One of the possible ways of the transcription regulation can be realized on the level of RNA synthesis initiation. The initiation process includes a set of subsequent steps: the promoter selection, the promoter opening, the substrate binding, the formation of the first phosphodiester bond |1|. The estimation of the time scales for each step permits determination the rate limiting one. The transcription initiation process as a whole can be regulated most effectively by the control of this step. The estimates for the rate constants and appropriate time scales of the transcription initiation intermediate steps are now available |2-7|.
The study of the promoter selection step is of special interest in particular from physico-chemical point of view. Indeed at this stage the physicochemical aspects of DNA-recognizing protein interaction are the most pronounced. The understanding of the promoter site selection mechanism is rather poor at present. The study of the promoter-RNA polymerase complex fonnation kinetics was fulfilled mainly by the assay of the complex retention on the nitrocellulose filters |2,3,5,8|. The selection kinetics was shown to depend strongly on the environment and concentration of reagents |2,5,8|. In our previous work |5| we have shown that the ionic strength affects significantly the promoter selection time, this time being nonmonotonic function of ionic through a 24 mm "Millipore" PHWP filter with a gentle suction, then dried and radioactivity was determined in a toluene-based solvent in a liquid-scintillation counter.
The control experiment showed that the bound AM even at saturating concentrations does not affect the DNA retention on the filter.
THEORETICAL
The molecular scheme of the enzyme-DNA interaction can be represented as follows:
Here E is the enzyme, D is the nonspecific binding site, P is the specific binding site (promoter), k , k. and k are the rate constants of appropriate reactions. Being stable the EP complexes are considered to be nondissociating during observation of binding reaction. The reaction scheme is independent of the promoter site selection mechanism. The latter influences only the values of reaction constant. The experimental conditions specify the initial (t=0) enzyme concentration E , the total DNA concentration N. and the number of promoters per one DNA molecule (m). Besides we use the data of DeHaseth et al. |17| for the equilibrium constant values for the nonspecific binding, K . The parameter eq we are going to determine is the rate constant k . In order to connect the experimental kinetic data with this parameter we present the following analysis.
Let the volume concentrations at time t be: P(t) for the not occupied by E promoters, E(t) for the free enzyme, D(t) for the nonspecific DNA binding sites, Nf for DNA molecules no one promoter of which is occupied by enzyme. The integration of equation (7) yields the dependence P(t) P (t )= 2 oo (8) o
It should be noted that D(t) is
Or for the kinetics of accumulation of the promoter complexes we find from (8) and (5) P -E n IEP| = P n -P(t) = P H ^ 9 ,
P Q P(t) P O { 
The expression (13) allows to find the value of the enzyme-promoter association rate constant k from the experimentaly obtained kinetics for the retained DNA molecules N (t). Fig. 3) is in significant ionic strength dependence of the k (see Table I ). This dependence is to be explained and its understanding will throw the light on the mechanism of the promoter site selection.
A natural explanation of the strong dependence k (I) noted above is in suggestion that a linear diffusion (sliding) of the enzyme along the DNA molecule can take place in the process of promoter site selection. The charac- 
The sliding results in reaction radius enhancement of the enzyme-promoter interaction |19|. This makes it clear the dependence of k on I observed ( Table 1 ). The occurence of the one-dimensional diffusion of the enzyme in the promoter selection process can be checked experimentally. To study this one can introduce into the template the agents preventing the proposed enzyme sliding. If the sliding takes place indeed one would assume those agents to decrease the rate of the complex formation. We used actinomycin D(AM) as the agent hindering one-dimensional diffusion. AM is known to inhibit the transcription but not the specific binding |15, 21|. The life-time of the AM-DNA complex is of the order of hundred sec |14|, i.e. greater than the time of kinetics observation. Therefore the complex AM-DNA is believed to be nondissociating during the reaction time.
The influence of AM on the promoter selection rate at the different ionic strengths is exibited in Fig. 4 . At r = |2P|/jAM b nd j = 300 AM slowes down the specific complex formation rate at I = 50,75 mM only. At r = 100 AM affects the kinetics in the whole range of the ionic strength we used, excluding I = 150 mM. At r > 500 AM has no reliable effect in the whole range of ionic strengths. At large AM concentrations (r~>10) a significant decrease in the complex formation rate occurs independently of ionic strength.
The data given agree satisfactory with the concept of the particular role of enzyme sliding in the promoter selection process. Table 1 ). The condition (18) is seen to be realized at I = 0.05 -0.1 M NaCl that is in a qualitative agreement with our observation (see Fig. 3 ).
From the specific association rate constant and estimates of the diffusion lengths the rate constant of the nonspecific complex formation can be found. Assuming the enzyme to DNA association to be controled by the threedimensional diffusion we get:^ = lil_ (19) this work at different DNA concentrations. Using the k a values obtained and the equilibrium constants from |17| it is easy to find the nonspecific complex dissociation rate constant (see Table 1 ) and the one-dimensional dimensional diffusion coefficient D,:
This value is determined with accuracy up to the order of magnitude and varies slightly with the ionic strength. The value of D, obtained appears to be close in magnitude to the diffusion coefficient for the lac-repressor protein 1251.
